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Abstract

ObjectivesObjectives: Aim of our study was to assess the potential effects of high-tone external muscle stimulation
(HTEMS) on improvement of endothelial dysfunction (ED) and kidney damage in elderly patients with
chronic kidney disease (CKD), sarcopenia and/or serious physical disability with a high Multidisciplinary
Prognostic Index (MPI).

MethodsMethods: We enrolled 12 consecutive CKD patients with MPI > 0,66 from January 1st, 2008 to December
31st, 2014. Six patients underwent a 2-hours HTEMS during the first day (group A) and the other six pa-
tients (group B) underwent a sham experiment with HTEMS without power supply. After 24 hours, pa-
tients of group A were shifted to group B and viceversa. Nitrite/nitrate (NOx), endotheline-1 (ET-1) and
urine creatinine concentration were measured in all patients.

Results:Results: During HTEMS urine amount increased by 22% (p=0.049), so did urine creatinine that increased
by 40%, (p=0.034) and creatinine clearance that increased by 26% (p=0.041). There was no statistical dif-
ference in urine nitrogen (that raised by 11%, p=0.526), urine sodium (that reduced by 42%, p=0.121) and
urine potassium levels (p=0,491). At the same time, NOx changed from 44.1±5.1 to 38.4±5.3 µM/L after 1
hour, to 36.4±4.8 µM/L after 2 hours, to 41.1±5.7 µM/L after 3 hours and to 46,9±5.0 µM/L after 4 hours
(p=0.008) during HTEMS, while it did not vary during the sham section of the experiment, respectively
43.6±6.1 µM/L, 43±6.4 µM/L, 42.8±5.5 µM/L, 43±4.7 µM/L, and 42.8±5.8 µM/L (p=0.992).

ConclusionConclusion: Our study showed that HTEMS may improve microcirculation and, through this mechanism,
may reduce kidney damage in elderly patients with CKD and severe muscle atrophy.
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Introduction

Muscle weakness, defined as inability to generate strength, is common in patients with
chronic kidney disease (CKD) [1] (full text), and is progressive during the course of CKD [3].
Reduction of muscle mass leads to both a reduction of muscle fiber’s size (atrophy) and of
muscle fiber’s number (hypoplasia). Several factors present in CKD condition may be re-
sponsible of muscle mass reduction, such as hormonal or immunological changes, inflam-
mation, metabolic acidosis, reduced protein-energy intake and physical activity, increased
levels of angiotensin II, anomalies of insulin or insulin-like growth factor I (IGF-I), and myo-
statin with reduced cellular function [4].
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On the other side, the number of elderly patients and their age increases exponentially in
CKD population, so that elderly patients represent themselves a category susceptible to de-
velop a uremic muscle wasting, also due to physical inactivity with increasing age. Older pa-
tients with serious disability are at high risk of sarcopenia [4].

Recently, the importance of endothelial dysfunction and nitric oxide (NOx) in muscle
weakness has been described [5]. Also, the importance of physical activity has been studied
in preventing muscle degradation, and increasing insulin sensitivity and NOx formation
[6] (full text) [7] (full text). Moreover, it is possible to prevent muscle atrophy and preserve
muscle protein synthesis during prolonged periods of immobilization [8]; in a published
study high tone external muscle stimulation (HTEMS) was effective inducing extremely
high frequencies ranging from 4,100 to 33,000Hz which were only associated with vibrations
and micro-contractions of muscles’ fibers and were well tolerated [9].

Based on this knowledge, the aim of our study was to study 12 consecutive elderly patients
(with age>75 years) with CKD and sarcopenia and/or serious physical disability (Multidi-
mensional Prognostic Index [MPI]>0,66 [10]) to understand whether HTEMS can improve
renal function.

Methods

Study population

We enrolled 12 consecutive patients from January 1st 2008 to December 31st 2014. Inclusion
criteria were: CKD (stage 3b-4), age ≥ 75 years, MPI>0,66, renal function stable for at least 3
months; exclusion criteria were: acute illnesses, immunosuppressive drugs, immunological
diseases. The cause of disability was ictus cerebri in 8 out of 12 patients and spinal medulla
trauma in 4 out of 12 patients.

Experimental design
A sham section and an experimental section were conducted in 2 different and consecutive
days. Six patients underwent a 2-hours HTEMS during the first day (group A) and the other
six patients (group B) underwent a sham experiment with HTEMS without power supply.
All patients received 500ml of 5% glucose solution per endovena before the experimental and
the sham section. After 24 hours, patients of group A were shifted to group B and viceversa.
In both study sections all patients collected urine during the 4 hours following the exper-
iment.

Intervention by HTEMS application during experimental time.
As previously described, HTEMS was performed with a HiToP 184 appliance (gbo Mediz-
intechnik, Rimbach, Germany), which is a 230 V power supply device [11]. The frequency
varied in short intervals (3 seconds) between 4100 and 33000Hz and the amplitude and elec-
trical frequency were modulated simultaneously. During the 2-hours HTEMS therapy, the
electrodes were placed at femoral muscles’ level and in some cases, on the calves. Electrical
stimulation intensity was adapted to reach a comfort level for each patient without causing
discomfort or pain.

Multidimensional Prognostic Index
Multidimensional Prognostic Index (MPI) is a prognostic instrument to evaluate 1-year
mortality risk in the elderly using a Multidimensional Evaluation [10]. MPI is formed by 8
domains with 63 items coming from the following instruments of VMD: Activities of Daily
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Living (ADL), Instrumental Activities of Daily Living (IADL), Short Portable Mental Status
Questionnaire (SPMSQ), Mini Nutritional Assessment (MNA), Exton-Smith Scale, Comor-
bidity Index Rating Scale (CIRS), number of drugs and social-housing state [10].

MPI is able to identify 3 groups of subjects with a different mortality risk: low (0-0.33), mod-
erate (0.34-0.66), and severe (>0.66). MPI has a prognostic mortality risk higher than the
other domains of the index taken individually. On the other hand, the knowledge of prog-
nosis and outcome in elderly patients is important to lead diagnostic and therapeutic man-
agement [12] [13] [14] (full text) [15] [16].

Measurement of nitrite/nitrate concentrations
As previously described by our group [11], nitrite/nitrate (NOx) concentration, a surrogate
marker of NO generation, was measured in serum samples [17]. Plasma samples were incu-
bated with nitrate reductase (0.1U/ml) and NADPH (1 mm), and FAD (50μm) at 37°C. After
15 minutes samples were incubated with LDH (100U/ml) and sodium pyruvate (10mm) for
5 minutes. The total NOx concentration in the samples was measured by Griess reaction,
by adding 100μl of Griess reagent (0.1% naphthylethylenediamide dihydrochloride in H2O
and 1% sulfanilamide in 5% conc. H2PO4; vol.1:1) to 100μl of samples, each in triplicate. The
optical density at 550nm (OD550) was measured at 540nm in a microplate reader Titertek
(Dasit, Cornaredo, Milan, Italy). Total NOx concentrations (μm) were calculated from a
standard curve of sodium nitrate. Results were expressed as µM/L.

Tabella 1.Tabella 1. Data of patients

Before HTEMS After HTEMS p

Number 12

Males 6

Age, years 79.32±3.08

BW, kg 55±7

MPI 0.69±0.03

Creatinine 2.61±0.34 2.49±0.35 0.403

Urea 96±21 92±21 0.645

Emoglobin 11.3±2.2 10.9±2.5 0.681

Albumin 3.7±0.2 3.6±0.2 0.234

Na 140.5±1.9 140.7±1.7 0.788

K 4.86±0.68 5.13±0.54 0.293

Ca 9.24±0.66 9.18±0.61 0.819

P 4.24±0.48 4.24±0.42 0.995

Bicarbonate 21.33±1.5 21.5±1.31 0.77

Cl 103±5 105±5 0.338

LDH 314±66 304±72 0.726

CPK 111±66 112±21 0.961

GOT 14.1±3.2 13.8±3.6 0.94

GPT 9.0±2.4 8.6±2.7 0.705

Troponin 66±38 64±41 0.902

Mioglobin 107±14 106±16 0.872

G Ital Nefrol 2015; 32 (5) – ISSN 1724-5590 – © 2015 Società Italiana di Nefrologia 3 di 7

http://www.ncbi.nlm.nih.gov/pubmed/18173367
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://circheartfailure.ahajournals.org/content/3/1/2.full
http://www.ncbi.nlm.nih.gov/pubmed/19850698
http://circheartfailure.ahajournals.org/cgi/pmidlookup?view=long&pmid=19850698
http://www.ncbi.nlm.nih.gov/pubmed/19942161
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/23249532
http://www.ncbi.nlm.nih.gov/pubmed/16413411


Measurement of ET-1 concentrations
ET-1 serum protein concentration was assessed by Enzyme-linked immunosorbent assay
(ELISA) method using a commercial kit for human ET-1 according to manufacturer’s in-
struction (R&D Systems, Minneapolis, MN, USA). Results were expressed as pg/mL [11].

Statistical analysis

All values were reported as means ±SD unless otherwise specified. Analysis of variance
(ANOVA) was used to compare the two groups. Variable statistical significance was defined
as p<0.05.

Results

Table 1 shows basal data of study’s participants. Mean age was 79.32±3.08 years; 50% of
them were male; mean eGFR was 22±6ml/min mean, and MPI was 0.69±0.02 (range
0.65-0.76).There was no statistical difference between the 2 groups in biochemical para-
meters despite a reduction of creatinine levels of 4.6% during HTEMS (p=NS).

Table 2 shows changes of urine amount that increased of 22% during the experimental
section of the study (p=0.049), and of urine creatinine that increased of 40% (p=0.034), with
a following improvement of creatinine clearance that increased of 26% (p=0.041). There was
no difference in the 2 groups between urine nitrogen that increased of 11% (p=0.526), urine
sodium levels that reduced of 42% (p=0.121), and urine potassium levels (p=0,491).

As shown in Figure 1, NOx varied from 44.1±5.1 to 38.4±5.3µM/L after 1 hour, to 36.4±4.8µM/
L after 2 hours, then returned to 41.1±5.7µM/L after 3 hours and to 46,9±5.0µM/L after 4
hours (p=0.008) during HTEMS, but it remained stable during the sham section (p=0.992),
43.6±6.1µM/L , 43±6.4µM/L, 42.8±5.5µM/L, 43±4.7µM/L, and 42.8±5.8µM/L respectively.

ET-1 did not change compared to basal value (2.26±0.61pg/L) neither during HTEMS (p=NS)
nor during the sham section of the study (basal value: 2.33±0.65pg/L).

Figure 2 shows variations of urine creatinine (mg/min) in the 2 phases of the study: it in-
creased to 85% during HTEMS after 1 hour and to 48% after 4 hours; in the sham section
urine creatinine did not change at all. On the other hand, as shown in Figure 3, urine volume
increased to 31% after 1 hour and to 21% after 4 hours.

Discussion

Uremic myopathy has been described for more than 100 years and it has been defined as
muscle strength reduction following an altered ATP-dependent proteolysis of muscles’ pro-

Tabella 2.Tabella 2. Urinary data of patients

Before HTEMS After HTEMS p

Urinary flow, ml/min 0.71±0.22 0.87±0.15 0.049

Urinary Creatinine, mg/min 0.32±0.19 0.53±0.26 0.034

Urinary Urea, mg/min 6.79±2.19 7.55±3.45 0.526

Urinary Na, mmol/min 0.059±0.026 0.034±0.047 0.121

Urinary K, mmol/min 0.020±0.007 0.018±0.007 0.491

GFR, ml/min 21.8±5.8 27.4±4.5 0.039
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teins, metabolic acidosis, micro-inflammation, hormonal changes, immune mechanisms,
Angiotensin II levels, and other clinical conditions associated to CKD [4]. Disability and re-
duced physical activity induce a worsening of uremic myopathy, especially in elderly pa-
tients with reduced cognitive and physical ability. Furthermore, it is already well known
that endothelium influences blood flow regulation, barrier permeability, blood clotting,
and inflammation [17]. Also NOx conditions renal blood flow and other factors such as
glomerular medullary hemodinamics, tubulo-glomerular feedback, renin secretion and ex-
tracellular fluid volume homeostasis [18] [19] (full text) [20] (full text) [21] (full text)
[22] (full text).

Our group has already used HTEMS in patients with Acute Kidney Insufficiency (AKI) and
showed that HTEMS reduced duration of anuria and induced an earlier recovery of renal
function; NOx was involved in these effects [11] [12] [13] [14] (full text) [15] [16] [17] [18]
[19] (full text) [20] (full text) [21] (full text) [22] (full text) [23].

Figura 1.Figura 1.
Andamento dei valori di NOx durante HTEMS (* p<0.05)

Figura 2.Figura 2.
Andamento della creatininuria durante HTEMS (* p<0.05)

Figura 3.Figura 3.
Variazioni del volume urinario durante HTEMS (* p<0.05)
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We hypothesized that muscle stimulation induced by HTEMS stimulated microcirculation of
peripheral tissues [24] [25]. Karavidas et al showed that HTEMS stimulates blood flow locally
and also at systemic level. In critical care patients, its application to lower legs improved
microcirculation of the thenar muscle [26]. There are also observations that an acute ap-
plication of HTEMS to the thighs may increase GFR [27]. HTEMS induced circulatory effects
through an enhanced bioavailability of NO. In vitro and in vivo studies showed that shear
stress is a key activator of eNOS and NOx generation [28] (full text) [29] (full text).

Our data evidenced beneficial effects of HTEMS on renal function with increment of urine
output and of urinary creatinine excretion in subjects with severe muscle atrophy following
absence of physical activity.

Analyzing NOx levels, it is possible that muscle stimulation may produce an increased NOx
consumption (then an increased production as consequence), indicating a role of NOx in the
kidney.

Our experiment is a pilot study, then there is no scientific evidence on this topic, that is
relatively unexplored. Hence, it has several limitations: in fact, the study enrolled a small
number of patients observed in a follow-up period, but it has not statistical power neither
to study long-term effects nor to understand therapeutic consequences. Further studies are
needed in this field that appears very interesting due to HTEMS’s possible therapeutic ap-
plication and low cost. In fact, it has been recently evidenced that a low-frequency electrical
stimulation may have beneficial effects in preventing muscle atrophy in 5/6 nephrec-
tomized mice [30]. It has been showed that electrical stimulation inhibits IGF-1 reduction
induced by uremia and induces an increase of protein synthesis and myogenesis with a con-
sequent improvement of protein metabolism [30]. This study is an animal experiment but
its results are similar to ours.

In conclusion, our data show that HTEMS improves microcirculation; then it may reduce
kidney damage through this mechanism in elderly patients with CKD and severe muscle at-
rophy.

Bibliografia

[1] Berkelhammer CH, Leiter LA, Jeejeebhoy KN et al. Skeletal
muscle function in chronic renal failure: an index of nutritional
status. The American journal of clinical nutrition 1985
Nov;42(5):845-54 (full text)

[2] Qureshi AR, Alvestrand A, Danielsson A et al. Factors predicting
malnutrition in hemodialysis patients: a cross-sectional study.
Kidney international 1998 Mar;53(3):773-82 (full text)

[3] Sietsema KE, Amato A, Adler SG et al. Exercise capacity as a
predictor of survival among ambulatory patients with end-stage
renal disease. Kidney international 2004 Feb;65(2):719-24

[4] Fahal IH Uraemic sarcopenia: aetiology and implications.
Nephrology, dialysis, transplantation : official publication of the
European Dialysis and Transplant Association - European Renal
Association 2014 Sep;29(9):1655-65

[5] Swash M Nitric oxide and muscle weakness. Neurology 2011
Mar 15;76(11):940-1

[6] Houmard JA, Tanner CJ, Slentz CA et al. Effect of the volume
and intensity of exercise training on insulin sensitivity. Journal of

applied physiology (Bethesda, Md. : 1985) 2004
Jan;96(1):101-6 (full text)

[7] Calvert JW Cardioprotective effects of nitrite during exercise.
Cardiovascular research 2011 Feb 15;89(3):499-506 (full text)

[8] Gibson JN, Smith K, Rennie MJ et al. Prevention of disuse
muscle atrophy by means of electrical stimulation: maintenance of
protein synthesis. Lancet (London, England) 1988 Oct
1;2(8614):767-70

[9] Rose B, Lankisch M, Herder C et al. Beneficial effects of
external muscle stimulation on glycaemic control in patients with
type 2 diabetes. Experimental and clinical endocrinology & diabetes
: official journal, German Society of Endocrinology [and] German
Diabetes Association 2008 Nov;116(10):577-81

[10] Pilotto A, Ferrucci L, Franceschi M et al. Development and
validation of a multidimensional prognostic index for one-year
mortality from comprehensive geriatric assessment in hospitalized
older patients. Rejuvenation research 2008 Feb;11(1):151-61

G Ital Nefrol 2015; 32 (5) – ISSN 1724-5590 – © 2015 Società Italiana di Nefrologia 6 di 7

http://www.ncbi.nlm.nih.gov/pubmed/11448726
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/10376603
http://www.ncbi.nlm.nih.gov/pubmed/15840772
http://ajprenal.physiology.org/cgi/pmidlookup?view=long&pmid=15840772
http://www.ncbi.nlm.nih.gov/pubmed/10673261
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=10673261
http://www.ncbi.nlm.nih.gov/pubmed/25228359
http://www.ncbi.nlm.nih.gov/pubmed/25228359
http://www.ncbi.nlm.nih.gov/pubmed/4061346
http://www.ncbi.nlm.nih.gov/pubmed/4061346
http://www.ncbi.nlm.nih.gov/pubmed/4061346
http://www.ncbi.nlm.nih.gov/pubmed/4061346
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=4061346
http://www.ncbi.nlm.nih.gov/pubmed/9507226
http://www.ncbi.nlm.nih.gov/pubmed/9507226
http://www.ncbi.nlm.nih.gov/pubmed/9507226
http://dx.doi.org/10.1046/j.1523-1755.1998.00812.x
http://www.ncbi.nlm.nih.gov/pubmed/14717947
http://www.ncbi.nlm.nih.gov/pubmed/14717947
http://www.ncbi.nlm.nih.gov/pubmed/14717947
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/23625972
http://www.ncbi.nlm.nih.gov/pubmed/21403105
http://www.ncbi.nlm.nih.gov/pubmed/21403105
http://www.ncbi.nlm.nih.gov/pubmed/12972442
http://www.ncbi.nlm.nih.gov/pubmed/12972442
http://www.ncbi.nlm.nih.gov/pubmed/12972442
http://www.ncbi.nlm.nih.gov/pubmed/12972442
http://jap.physiology.org/cgi/pmidlookup?view=long&pmid=12972442
http://www.ncbi.nlm.nih.gov/pubmed/20876585
http://www.ncbi.nlm.nih.gov/pubmed/20876585
http://cardiovascres.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20876585
http://www.ncbi.nlm.nih.gov/pubmed/2901612
http://www.ncbi.nlm.nih.gov/pubmed/2901612
http://www.ncbi.nlm.nih.gov/pubmed/2901612
http://www.ncbi.nlm.nih.gov/pubmed/2901612
http://www.ncbi.nlm.nih.gov/pubmed/18473287
http://www.ncbi.nlm.nih.gov/pubmed/18473287
http://www.ncbi.nlm.nih.gov/pubmed/18473287
http://www.ncbi.nlm.nih.gov/pubmed/18473287
http://www.ncbi.nlm.nih.gov/pubmed/18473287
http://www.ncbi.nlm.nih.gov/pubmed/18173367
http://www.ncbi.nlm.nih.gov/pubmed/18173367
http://www.ncbi.nlm.nih.gov/pubmed/18173367
http://www.ncbi.nlm.nih.gov/pubmed/18173367


[11] Di Iorio B, Torraca S, Gustaferro P et al. High-frequency
external muscle stimulation in acute kidney injury (AKI): potential
shortening of its clinical course. Clinical nephrology 2013 Jan;79
Suppl 1:S37-45

[12] Pilotto A, Addante F, Ferrucci L et al. The multidimensional
prognostic index predicts short- and long-term mortality in
hospitalized geriatric patients with pneumonia. The journals of
gerontology. Series A, Biological sciences and medical sciences
2009 Aug;64(8):880-7

[13] Schocken DD. Prognosis of Heart Failure in the Elderly. Not an
Affair of the Heart? Circ Heart Fail 2010

[14] Pilotto A, Addante F, Franceschi M et al. Multidimensional
Prognostic Index based on a comprehensive geriatric assessment
predicts short-term mortality in older patients with heart failure.
Circulation. Heart failure 2010 Jan;3(1):14-20 (full text)

[15] Pilotto A, Addante F, D'Onofrio G et al. The Comprehensive
Geriatric Assessment and the multidimensional approach. A new
look at the older patient with gastroenterological disorders. Best
practice & research. Clinical gastroenterology 2009;23(6):829-37

[16] Pilotto A, Sancarlo D, Panza F et al. The Multidimensional
Prognostic Index (MPI), based on a comprehensive geriatric
assessment predicts short- and long-term mortality in hospitalized
older patients with dementia. Journal of Alzheimer's disease : JAD
2009;18(1):191-9

[17] Kleinbongard P, Dejam A, Lauer T et al. Plasma nitrite
concentrations reflect the degree of endothelial dysfunction in
humans. Free radical biology & medicine 2006 Jan
15;40(2):295-302

[18] Zoccali C The endothelium as a target in renal diseases.
Journal of nephrology 2007 Nov-Dec;20 Suppl 12:S39-44

[19] Brodsky SV, Yamamoto T, Tada T et al. Endothelial
dysfunction in ischemic acute renal failure: rescue by transplanted
endothelial cells. American journal of physiology. Renal physiology
2002 Jun;282(6):F1140-9 (full text)

[20] Ling H, Gengaro PE, Edelstein CL et al. Effect of hypoxia on
proximal tubules isolated from nitric oxide synthase knockout mice.
Kidney international 1998 Jun;53(6):1642-6 (full text)

[21] Tripatara P, Patel NS, Webb A et al. Nitrite-derived nitric oxide
protects the rat kidney against ischemia/reperfusion injury in vivo:

role for xanthine oxidoreductase. Journal of the American Society of
Nephrology : JASN 2007 Feb;18(2):570-80 (full text)

[22] De Deyn PP, Vanholder R, D'Hooge R et al. Nitric oxide in
uremia: effects of several potentially toxic guanidino compounds.
Kidney international. Supplement 2003 May;(84):S25-8 (full text)

[23] Di Iorio B, Marzocco S, Micco LD et al. High-tone external
muscle stimulation in patients with acute kidney injury (AKI):
beneficial effects on NO metabolism, asymmetric dimethylarginine,
and endothelin-1. Clinical nephrology 2014 Nov;82(5):304-12

[24] Naicker S, Bhoola KD Endothelins: vasoactive modulators of
renal function in health and disease. Pharmacology & therapeutics
2001 Apr;90(1):61-88

[25] Wikström SO, Svedman P, Svensson H et al. Effect of
transcutaneous nerve stimulation on microcirculation in intact skin
and blister wounds in healthy volunteers. Scandinavian journal of
plastic and reconstructive surgery and hand surgery / Nordisk
plastikkirurgisk forening [and] Nordisk klubb for handkirurgi 1999
Jun;33(2):195-201

[26] Karavidas AI, Raisakis KG, Parissis JT et al. Functional
electrical stimulation improves endothelial function and reduces
peripheral immune responses in patients with chronic heart failure.
European journal of cardiovascular prevention and rehabilitation :
official journal of the European Society of Cardiology, Working
Groups on Epidemiology & Prevention and Cardiac Rehabilitation
and Exercise Physiology 2006 Aug;13(4):592-7

[27] Dimmeler S, Fleming I, Fisslthaler B et al. Activation of nitric
oxide synthase in endothelial cells by Akt-dependent
phosphorylation. Nature 1999 Jun 10;399(6736):601-5

[28] Basi S, Pupim LB, Simmons EM et al. Insulin resistance in
critically ill patients with acute renal failure. American journal of
physiology. Renal physiology 2005 Aug;289(2):F259-64 (full text)

[29] Kuboki K, Jiang ZY, Takahara N et al. Regulation of endothelial
constitutive nitric oxide synthase gene expression in endothelial
cells and in vivo : a specific vascular action of insulin. Circulation
2000 Feb 15;101(6):676-81 (full text)

[30] Hu L, Klein JD, Hassounah F et al. Low-frequency electrical
stimulation attenuates muscle atrophy in CKD--a potential treatment
strategy. Journal of the American Society of Nephrology : JASN
2015 Mar;26(3):626-35

G Ital Nefrol 2015; 32 (5) – ISSN 1724-5590 – © 2015 Società Italiana di Nefrologia 7 di 7

http://www.ncbi.nlm.nih.gov/pubmed/23249532
http://www.ncbi.nlm.nih.gov/pubmed/23249532
http://www.ncbi.nlm.nih.gov/pubmed/23249532
http://www.ncbi.nlm.nih.gov/pubmed/23249532
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://www.ncbi.nlm.nih.gov/pubmed/19349589
http://circheartfailure.ahajournals.org/content/3/1/2.full
http://circheartfailure.ahajournals.org/content/3/1/2.full
http://www.ncbi.nlm.nih.gov/pubmed/19850698
http://www.ncbi.nlm.nih.gov/pubmed/19850698
http://www.ncbi.nlm.nih.gov/pubmed/19850698
http://www.ncbi.nlm.nih.gov/pubmed/19850698
http://circheartfailure.ahajournals.org/cgi/pmidlookup?view=long&pmid=19850698
http://www.ncbi.nlm.nih.gov/pubmed/19942161
http://www.ncbi.nlm.nih.gov/pubmed/19942161
http://www.ncbi.nlm.nih.gov/pubmed/19942161
http://www.ncbi.nlm.nih.gov/pubmed/19942161
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/19584441
http://www.ncbi.nlm.nih.gov/pubmed/16413411
http://www.ncbi.nlm.nih.gov/pubmed/16413411
http://www.ncbi.nlm.nih.gov/pubmed/16413411
http://www.ncbi.nlm.nih.gov/pubmed/16413411
http://www.ncbi.nlm.nih.gov/pubmed/18050141
http://www.ncbi.nlm.nih.gov/pubmed/18050141
http://www.ncbi.nlm.nih.gov/pubmed/11997331
http://www.ncbi.nlm.nih.gov/pubmed/11997331
http://www.ncbi.nlm.nih.gov/pubmed/11997331
http://www.ncbi.nlm.nih.gov/pubmed/11997331
http://ajprenal.physiology.org/cgi/pmidlookup?view=long&pmid=11997331
http://www.ncbi.nlm.nih.gov/pubmed/9607195
http://www.ncbi.nlm.nih.gov/pubmed/9607195
http://www.ncbi.nlm.nih.gov/pubmed/9607195
http://dx.doi.org/10.1046/j.1523-1755.1998.00913.x
http://www.ncbi.nlm.nih.gov/pubmed/17202421
http://www.ncbi.nlm.nih.gov/pubmed/17202421
http://www.ncbi.nlm.nih.gov/pubmed/17202421
http://www.ncbi.nlm.nih.gov/pubmed/17202421
http://jasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=17202421
http://www.ncbi.nlm.nih.gov/pubmed/12694302
http://www.ncbi.nlm.nih.gov/pubmed/12694302
http://www.ncbi.nlm.nih.gov/pubmed/12694302
http://dx.doi.org/10.1046/j.1523-1755.63.s84.9.x
http://www.ncbi.nlm.nih.gov/pubmed/25250581
http://www.ncbi.nlm.nih.gov/pubmed/25250581
http://www.ncbi.nlm.nih.gov/pubmed/25250581
http://www.ncbi.nlm.nih.gov/pubmed/25250581
http://www.ncbi.nlm.nih.gov/pubmed/11448726
http://www.ncbi.nlm.nih.gov/pubmed/11448726
http://www.ncbi.nlm.nih.gov/pubmed/11448726
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/10450577
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/16874150
http://www.ncbi.nlm.nih.gov/pubmed/10376603
http://www.ncbi.nlm.nih.gov/pubmed/10376603
http://www.ncbi.nlm.nih.gov/pubmed/10376603
http://www.ncbi.nlm.nih.gov/pubmed/15840772
http://www.ncbi.nlm.nih.gov/pubmed/15840772
http://www.ncbi.nlm.nih.gov/pubmed/15840772
http://ajprenal.physiology.org/cgi/pmidlookup?view=long&pmid=15840772
http://www.ncbi.nlm.nih.gov/pubmed/10673261
http://www.ncbi.nlm.nih.gov/pubmed/10673261
http://www.ncbi.nlm.nih.gov/pubmed/10673261
http://www.ncbi.nlm.nih.gov/pubmed/10673261
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=10673261
http://www.ncbi.nlm.nih.gov/pubmed/25228359
http://www.ncbi.nlm.nih.gov/pubmed/25228359
http://www.ncbi.nlm.nih.gov/pubmed/25228359
http://www.ncbi.nlm.nih.gov/pubmed/25228359

	Muscle stimulation in elderly patients with CKD and sarcopenia
	Abstract
	Introduction
	Methods
	Study population
	Experimental design
	Intervention by HTEMS application during experimental time.
	Multidimensional Prognostic Index
	Measurement of nitrite/nitrate concentrations
	Measurement of ET-1 concentrations
	Statistical analysis
	Results
	Discussion
	Bibliografia


